Chemicals. Yttrium(III) acetate hydrate (99.9%), ytterbium(III) acetate hydrate (99.9%), erbium(III) acetate hydrate (99.9%), sodium hydroxide (NaOH; >98%), ammonium fluoride (NH4F; >98%), 1-octadecene (90%), oleic acid (90%), Oleic acid (OA), 1-octadecene (ODE), N-Cetyltrimethylammonium chloride (CTAC), tertbutanol, potassium carbonate(K 2 CO 3 ), sodium periodate (NaIO 4 ), potassium permanganate (KMnO 4 ), and tetraethylorthosilicate (TEOS, 28%) were obtained from Alfa Aesar. Manganese chloride tetrahydrate (MnCl 2 •4H 2 O), tetramethylammonium hydroxide, hydrogen peroxide (H 2 O 2 , 30 wt%), cowhide gelatin, and glutaraldehyde were purchased from Sigma-Aldrich and used as received without further purification.
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obtained from Invitrogen. Dox was purchased from Frontier Scientific. Cell Titer 96
Aqueous One Solution cell proliferation assay (MTS) was purchased from Promega.
All other chemicals were of analytical grade, purchased from Sinopharm Chemical Reagent Co., Ltd. (Shanghai, China), and used without further purification. Ultrapure Milli-Q water (Millipore) was used throughout the experiments.
Normal whole human blood. Normal whole human blood was collected by Xiangya Hospital (Changsha, China) from a volunteer, and prepared using standard protocols. [1] For whole blood experiments, blood was collected in heparin-coated vacutainers (BD, Fisher Scientific) to reduce clotting. Whole blood samples were stored at 4 °C for experiments in one week. All whole blood experiments were performed in compliance with the relevant laws and guidelines from Xiangya Hospital, and the committee of Xiangya Hospital has approved the research experiments. The volunteer has also approved that the blood can be used for research experiments. 
Instruments.
Zeta potential was measured on the Malvern Zetasizer Nano ZS90 (Malvern Instruments, Ltd., Worcestershire, UK). Atomic force microscopy (AFM) images of samples were obtained on a Multimode 8 (Bruker, USA). Transmission electron microscopy (TEM) images and energy-dispersive X-ray analysis (EDX) data were S3 obtained on an H-7000 NAR transmission electron microscope (Hitachi) with a working voltage of 100 kV. Scanning transmission electron microscopy (STEM) imaging was performed by field emission electron microscopy (Titan G2 60-300, FEI company, USA). X-ray photoelectron spectroscopy (XPS) spectra were obtained on an ESCALAB 250Xi XPS system (ThermoFisher-VG Scientific) with a monochromatized Al Kα x-ray source at 12 kV and 6 mA. Powder X-ray diffraction (XRD) spectra were obtained on an XRD-6100 (Shimadzu). FT-IR spectra were obtained on a Nicolet iS10 FT-IR spectrometer (Thermo Scientific). Thermogravimetric analysis (TGA) was performed on an STA449C (Germany) at a heating rate of 10 °C/min under argon.
Inductively coupled plasma optical emission spectrometry (ICP-OES) data were obtained on an Optima 8000 ICP-OES spectrometer (Perkin-Elmer). Flow cytometer measurements were obtained on a FACScan cytometer (Becton Dickinson).
Fluorescence spectra were recorded on an F4500 spectrometer (Hitachi) in conjuction with a 980 nm diode laser. Fluorescence imaging was recorded on an Olympus FV 500-IX81 confocal microscope equipped with a commercial CW IR laser (980 nm). The MTS assay was obtained on a Multiskan GO UV/Vis microplate spectrophotometer (Thermo Scientific), and the absorbance value at 570 nm was determined by a VersaMax microplate reader (Molecular Devices, Inc.).
Synthesis of NaYF4: 24%Gd/20%Yb/2%Er Nanoparticles. In a typical experiment, to a 50-mL flask containing oleic acid (3 mL) and 1-octadecene (7 mL) was added a water solution (2 mL) containing Y(CH3COO)3, Gd(CH3COO)3, Yb(CH3COO)3, and Er(CH3COO)3 with a total lanthanide content of 0.4 mmol. The resulting mixture was heated at 150 °C for 1 h to form lanthanide oleate complexes and then cooled to room temperature. Subsequently, a methanol solution (6 mL) containing NH4F (1.6 mmol) and NaOH (1 mmol) was added and stirred at 50 °C for 30 min. The reaction temperature was then increased to 100 °C to remove the methanol from the reaction mixture. Upon removal of methanol, the solution was heated to 290 °C and maintained at this temperature under an argon flow for 1.5 h, at which time the mixture was cooled to room temperature. The resulting nanoparticles were S4 precipitated out through an addition of ethanol, collected by centrifugation, washed with ethanol, and finally redispersed in 4 mL of cyclohexane.
In situ growth of MnO 2 on the surface of hydrophobic UCNPs (UCNPs@MnO 2 ).
Experimental group: A mixture of as-prepared UCNPs (0.1 g), cyclohexane (100 mL), tert-butanol (70 mL), water (10 mL) and 5 wt % K 2 CO 3 aqueous solution (5 mL) was stirred at room temperature for about 20 min. Then 20 mL of Lemieux-von Rudloff reagent (17.1 mM KMnO 4 and 0.035 M NaIO 4 aqueous solution) was added dropwise, and the resulting mixture was stirred at about 40 °C for the desired time.
The product was then isolated by centrifugation, washed with deionized water and ethanol, and dried under vacuum.
Control group 1:
A mixture of as-prepared UCNPs (0.1 g), cyclohexane (100 mL), tert-butanol (70 mL), water (10 mL) and 5 wt % K 2 CO 3 aqueous solution (5 mL) was 
Note:
The concentrations of MnO 2 on the surfaces of UCNPs were quantified using inductively coupled plasma optical emission spectrometry (Optima 8000 ICP-OES spectrometer, Perkin-Elmer). The samples isolated at different oxidation time were collected and washed 5 times with ultrapure water, finally dried under vacuum and weighed. Then the obtained samples were dispersed in ultrapure water and divided into three equal parts (1,2,3). Sample 1 was used to determine the UV-vis absorption using a UV-2450 UV-vis spectrophotometer (Shimadzu). Sample 2 was used to test the quench response by an F4500 spectrometer (Hitachi) in conjuction with a 980 nm diode laser. Then, the fluorescence recovery was determined after adding 10 mM GSH. Sample 3 was treated with 10 mM GSH in ultrapure water for 2 h to reduce MnO 2 into Mn 2+ , and was then divided into two equal parts (3a, 3b). Sample 3a was used to determine the concentration of Mn 2+ using ICP-OES. Sample 3b was centrifuged and washed 5 times with ultrapure water to obtain the oxidized UCNPs only, and dried under vacuum. Finally the UCNPs were weighed, so the amount of MnO 2 growed on the surface of UCNPs could be calculated. 
Half-quench concentration of MnO

Doxorubicin loading and gelatin capping (Dox-loaded nanosystem). 1 mg of
UCNPs@MnO 2 @mSiO 2 nanosystem was mixed with 0.5 mg of Dox in a 2-mL mixture of DMF and H 2 O (1:1). After shaking for 24 h at RT in the dark, the Doxloaded UCNPs@MnO 2 @mSiO 2 were collected by centrifugation. The residual particles were gently shaken with an aqueous gelatin solution (1 mL, 1%) at 50 °C for 6 h to achieve pore saturation. Then, deionized water (8 mL) at 4 °C was quickly poured into the mixture. After two cycles of centrifugation/water rinsing/redispersion, S7 50 μL of a 1% glutaraldehyde solution was added to crosslink the gelatin at 4 °C. The crosslinking reaction was continued for 8 h. Then, the Dox-loaded nanosystem samples were centrifuged, rinsed with water, and redispersed three times. To evaluate Dox-loading capacity, the supernatant and the washing solution were collected. Dox content in the supernatant solution before and after incubation was measured by a UV-2450 UV-vis spectrophotometer. The drug-loading efficiency was measured to be approximately 0.042 mmol/g. DNA preparation. All DNA synthesis reagents were purchased from Glen Research (Sterling, VA), and all DNA probes (see sequences in Table S1 ) were synthesized on an ABI3400 DNA/RNA synthesizer (Applied Biosystems, Foster City, CA, USA) based on solid-state phosphoramidite chemistry at a 1 µmol scale. An amino or phosphate group was coupled on the 5'-ends of primers and templates (see Table S1 for sequences), if applicable. DNA sequences were deprotected according to the The detritylated DNA product was precipitated with NaCl (3 M, 25 µL) and ethanol (600 µL). UV-Vis measurements were performed with a Cary Bio-100 UV/Vis spectrometer (Varian) for DNA quantification.
Sgc8 aptamer-labeling of Dox-loaded nanosystem (sgc8-nanosystem-Dox). Excess
Sulfo-SMCC (4 mg) was added to a mixture solution of 1×PBS (pH 7.4) and DMF Agarose gel electrophoresis test. UCNPs@MnO 2 @mSiO 2 @gel nanosystem (0.5 mg/mL), sgc8 (2 µM) and sgc8-nanosystem (2 µM) were all prepared in 1×PBS.
Electrophoresis was carried out in 1×Tris-borate-EDTA (TBE) buffer (90 mM boric acid, 10 mM EDTA, pH 8.0) at 100 V for 30 min. The sample concentration of each well was 10 µM. The 2.5% agarose gel was stained with ethidium bromide in advance. 
In vitro
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Confocal laser-scanning microscopy imaging. For the internalization test, the sgc8-nanosystem (50 µg/mL) were incubated with CEM and Ramos cells (1*10 6 cells/mL) at 4 °C for 0.5 h, followed by washing with washing buffer to remove the unbound samples, then fresh medium with 2% FBS was added to incubate for another 4 h, and then wash the sample with washing buffer. The cells were suspended in washing buffer and analyzed using an FV1000-MPE multiphoton laser scanning confocal microscope (Olympus). The signal was due to the recovered fluorescence of UCNPs. Cytotoxicity study. A sample of 1×10 3 cells in 50 μL of washing buffer was seeded into each test well on a 96-well plate. Then a series of samples at the desired concentration in 50μL of washing buffer were added to the respective test well. The cells were incubated at 37 °C in a 5% CO 2 atmosphere for 2 h. Then, the supernatant was removed from the test well after centrifugation and 100 μL of fresh cell culture medium was added. After another 48h of incubation at 37 °C in a 5% CO 2 atmosphere, a standard MTS assay was performed. The absorbance value at 570 nm was determined by a microplate reader. Table S1 . DNA sequences used in this work Scheme S1. a) Each fabrication step of the nanosystem. b) The working priciple for pH-responsive controlled release of the UCNPs@MnO 2 @mSiO 2 -Dox@gel-sgc8 nanosystem (sgc8-nanosystem-Dox).
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Figure S1 TEM characterization of UCNPs, demonstrating their monodisperse particle size of about 22 nm. The UCNPs were dispersed in cyclohexane. Figure S7 . The TG curve of UCNPs and the oxidized UCNPs after 12 h and 24 h. TG curves were measured using a STA449C thermogravimetric analyzer from room temperature to 600 °C with heating rate of 10 °C/min and an argon flow rate of 60 mL/min. The oxidized UCNPs@MnO 2 samples were treated with GSH to remove the effect from the surface MnO 2 .
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Calculation Parts:
The molecular weight of oleic acid (OA) and azelaic acid (AA): Figure S6 , the ligand content on the surface of UCNPs@MnO 2 was 8.7%, which was OA and AA, so wt OA+AA %=8.7%
Hypothesis that the content of OA was x%: wt% OA =10.5%
So, W AA = (8.7-x)% According to the equation:
So the oxidized ratio of OA (12 h) was: S19 Figure S8 . The reaction mixtures of the control experiment in the absence of oleic acid-capped UCNPs.
1: 0 h; 2: After one week; 3: 2 after centrifugation. The results showed that no change in the color of the reaction mixture occurred after reacting for one week, and no new product was produced after centrifugation, indicating that KMnO 4 and NaIO 4 solution by itself is quite stable under the experimental condition. These results show the specificity towards olefinic bonds of this oxidation reagent and that the reagents alone could not bring about the growth of MnO 2 . Figure S9 . Pictures of the collected supernatants after centrifugation and being putting for another 3 days. It can be observed that the colors of all the supernatants changed after 3 days, indicating that the MnO 2 precipitate came from the reaction of intermediates formed during the oxidation process.
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Figure S10 However, in experimental group, the dispersibility was enhanced a lot after 18-h oxidation when the products were put for overnight. 
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Gelatin, a natural proteinaceous biopolymer, has a long history of safe and wide application with unique properties of natural origin, low-cost, low-toxicity, pHbiodegradability, nonimmunogenicity, and flexible chemical modification because of its many carboxyl, amine, and amide functional groups on the peptide residues. Yellow signal were obtained after green signal merged with red signal, but there were still some red signal in the overlay picture, which, in some extent, confirmed that part of the particles had escaped from lysosomes within 2.5 h. Figure S23 . Cytotoxicity of sgc8-nanosystem on CEM and Ramos cells. The MTT results demonstrate that sgc8-nanosystem without Dox loading has almost no cytotoxicity to CEM and Ramos cells.
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